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ABSTRACT

Microwave{2.45 GHz) was used as energy source in hydrothermal reaction to fabricate ultrafine BaTi0;
powder. Using microwave of 700 W, crytal BaTiO; began to form after 5 mun in microwave-autoclave sys-
tem. The crystallinity was not noticeahly increased with increasing longer reaction time than 10 min. On
the other hand, in microwave-reflux system crytal BaT:0; began to form after 15 min and the crystallinity
was not noticeably increased with increasing longer reaction lime than 1 hr. In either case, particle size dis-
tribution was considerably uniform due to the effect of homogeneous heating by microwave. In addition, mi-
crowave heating gave an extremely small degree of particle agglomeration compared to electric heating, Av-
erage sizes of as-synthesized powders were 30~60 nm. Ba/Ti ratio in sol played an important role in det-
ermining the particle size. It seems that excess barium forms different phases such as Ba(QH), which
makes thin layer on the surface of BaTi0; powder. This thin layer would inhibit the agglomeration of Ba-
Ti0; powders and keep the small gramn size. In microwave-autoclave system, tetragonal-BaTiO; was formed
directly by the reaction of anly 15 min. In the case of microwave-reflux system, tetragonal-BaTiO; was
formed by driyng over 250°C.
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Fig. 1. Flow chart of powder synthesis process.
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Fig. 2. X-ray diffraction patterns of BaTi0; powder
prepared by microwave-autoclave for (a) 2
min, (b} 5 min, (¢} 10 min and {(d) 15 min.
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Fig. 3. X-ray diffraction paltterns of BaTiO; prepared
by mucrowave-reflux for (a) 5 min, {(b) 15
min, {c} 30 min, {d) 1 hand (e} 2 h.
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Fig. 4. TGA analysis of BaTi0, powder prepared by mi-

crowave-autoclave for (a) 2 min, (b) 5 min, (c)
10 min, {d) 15 mun and (e} commercial powder.
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Fig. 5. TGA analysis of BaTi0; powder prepared by
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Fig. 6. SEM micrographs of BaTiOy prepared by microwave-autoclave for {(a) 2 min, (b) 5 min, (¢) 10 min and

{d) 15 min.
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Fig. 8. Raman spectra of BaTi0; powders synthesized
at various times by microwave-autoclave and
dried at 120°C; (2) 5 min reaction, (b) 10 min
reaction and (c) 15 min reaction.
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924 cubic-BaTiO=%E tetragonal-BaTi0,22] #9]
o AhgEjelz Aol FA = Uk

M, Yen'" 52 300°C7RE cubic-BaTiOywke] &
ah1, 00°CH Lol ME cubic-BaTiO:% tetragonal-
BaTiO7} FES, 1000°C o]de] HeoPd tetra-
gonal-BaTi0R EA3ctn Badtdet. &, Frey“e= &
700°Co)d<] A2 B4 tetragonal-BaTiO;
F gelvtn Huslys, 7 FE 4oz i
W He| &A4sH= OH & CO; 8 AlA= dsla Jlch
%5 Ba(OH)LE FEE BaTiOss tetragonalty?t 09
A= B OH° 8 AA9 tetragonality=l= 2
A g A7} e AAElFER gloh 2 B AT
el A= microwave-autoclaveZ <] &% A%, AwE
G782 AXA 4 microwave ovendld & 1589
whevpe 2 gkl OH AlAES Bl dHHoR v
ol telragonal-BaTiOE €& £ gty et
microwave-refluxg] 2711 Fig 904 ATk Whg
£ EFAE tetragonal-BaTi02] #28 45 + glwl
v}, 3 Fig. 49 58 ¥)as] B microwave reflux®!
A5 akg Azke] ¥ 49Rel= B8l micro-
wave-autoclave B TF 200°Celabll A < 0.7%F = vl F
Al AFS Bl o2 Wol, tetragonal-BaTO:=
AR g ElebEsl JA4 el EAsis OH ¢ Al

E geAs o Axe] ne - ug Neel gad
Aoz yzhde] 7t ol E] Wu's2 §7] &
he 2o A8t Axs gelal] “degree of fill @)=
o= R gfEe] Z71elH tetragonal-BaTi0.2] 4
e 27ty 29517 stEe =F 1080 cm A=
o4 ERIE BaCo, ¥ 3e XRD A2 2s #Ee] §

g
2
il

0

by

Fig., 10. SEM mucrographs of specimens with dif-
ferent Ba/Ti ratios in microwave-autoclave;
(2} Ba/Ti=1 and (b} Ba/Ti=1.75.
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Fig. 11. SEM micrographs of specimens with dif-
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Ba/Ti=1, (b) Ba/Ti=1.75 and (c) Ba/Ti=3.
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Fig. 12. XRD patterns of BaTiO; powders synthesized
at various Ba/Ti ratios by microwave-reflux;
(a) Ba/Ti=1. (b) Ba/T1=1.75 and (¢) Ba/Ti=3

Table 1. ICP Analysis of BaTiQ, Powders Synthesized
with Various Ba/T1 Ratios

Microwave-autoclave Microwave-reflux
Sample| Ba | Ti1 | Ba/Ti| Sample | Ba | Ti | Ba/Ti
] Ba/Ti
Ba/Ti =1 |553.7|2L5| 0.902
) :11 59.8(20.2| 0.963 | in sal
80 Ba/Ti
=175 |52.5/19.4| 0.943
in sol
Ba/T1
=175 |56.4|17.7| 1.110 | Ba/Tx
m sol =3 in [65.8]|18.5] 1.070
20l
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A A 2 23, Ba/Ti=13 175 dujs 242

56, 54H =2 ]3] o1} Ba/Ti=39] ALel= 384 =
2 il wA gl Table 12 9 B39 Ba/Tig)
N E 517 g8 ICP BA12 98 232 JeEhg
Aolth M Az, Bde] zbu gl HakEda
7 f-(microwave-autoclaved]~ = Ba/Ti=1.75, micro-
wave-reflux@ W= Ba/Ti=3)e] B% HEH a7 <o)
W EE A Ba/Tigl H)7) 2% 10] W82 < 5 i)
mepA B dTela] slgke g Yol uge] BaTi0=
#dsks wel T AvjE|A] o, Rzl B2 A A
'5]‘_]_ 3, 22903 XRD9 intensity?| olzicis A
= Y dotg oz Bue] Hr7)7) b)-& Aeln)wd,
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Thin layer of:
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Fig. 13. Schemetic Diagram of the formation of thm
layer caused by excess Ba®™ around BaTi0,
powder.
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Fig. 14. Raman spectra of BaTiOs synthesized by mi-
crowave-reflux with Ba/Ti=1.75 at various
drying temteratures; (a) 120°C, (b) 190°C, ()
250°C and (d)} 500°C.
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Fig. 15. SEM micrographs of BaTiD; powders syn-
thesized by microwave-reflux with Ba/Ti=
1.75 at various drying temperatures; (a}
120%C. {b) 190°C and {¢) 504°C.
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Fig. 14+ Ba/Ti=1.75%] #-{-l| Zhzhe] A& 2md
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22 miensity”F ¥ ABT 23 Fie 168 SEM &
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3¢] %ol Fig, 16914 EEol Raman’delA] Vet
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Ti0, 2] Al o g o2 AR o7 o] Fe7 g
< =L 943509 BaTi0, EZE7y] Y473 galet
= Ao Azlg)o] vk U9t o tetragonal-Ba-
TiOE &7) YA = <F 5007Ce) e EFEE aokgt
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Fig. 16, Raman spectra of BaTiOs synthesized by mi-
crowave-reflux with Ba/Ti=3 at varous dry-
ing temteratures; (a) 120°C, (b) 250°C and {c)
500°C.
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Fig, 17. SEM micrographs of BaTi0, powders syn-
thesized by microwave-reflux with Ba/Ti=3
at various drying temperatures; (a) 120°C,
(t) 250°C and {c) 500°C.
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